INTRODUCTION
O ver the past decade, there have been numerous advances in HIV therapy, with 6 drug classes comprising 24 individual antiretroviral agents now available. For patients who are adherent with therapy and who have an undetectable viral load, HIV has become a chronic, manageable disease in an aging and genetically diverse population. The core goals of management remain maximal suppression of viral replication and promotion of immune reconstitution through combination antiretroviral therapy. Secondary goals of therapy include promoting long-term adherence, avoiding drug interactions, minimizing toxic effects, simplifying treatment regimens, decreasing drug costs, managing comorbid conditions, and preventing transmission of HIV by achieving undetectable viral load. 1, 2 Consequently, the pharmacist's role has evolved and expanded to help patients and other health care providers to achieve these goals. Pharmacists are recognized as established and integral members of HIV health care teams across Canada and the United States. 3 Pharmacists' involvement in the care of HIVpositive patients has been associated with improved patient outcomes, including enhanced adherence, 4 reduced pill burden and dosing frequency, greater increases in CD4 cell counts, higher rates of viral suppression, 5, 6 and decreases in medication errors. 7, 8 Guidelines and position statements on the role of the pharmacist in caring for patients with HIV/AIDS have been published by various national and international organizations, [9] [10] [11] but there have been no updates since combination antiretroviral therapy came into use, about a dozen years ago. This paper provides current guidelines for a pharmacist's role in the many aspects of caring for patients with HIV/AIDS, including selecting and reviewing therapy, tailoring treatment for specific populations, counselling patients, monitoring response to therapy, guiding transitions of care, and undertaking scholarly and professional activities. The target audience for these guidelines includes new HIV pharmacy practitioners, pharmacists with an interest in HIV but limited experience or therapeutic knowledge in this area, and pharmacy students. This paper may also serve as a model of pharmacy practice for ambulatory care in other therapeutic areas.
A literature search was conducted using the electronic databases MEDLINE and PubMed from 2000 to March 2012 . The following search terms were used: HIV, antiretrovirals, adverse drug reactions, drug interactions, adherence, pediatric, perinatal transmission, therapeutic drug monitoring, pharmacist, hepatitis B, hepatitis C, seamless care, and medication reconciliation. In addition, conference abstracts were searched for relevant studies. Updated guidelines for treatment of HIV and related conditions, landmark studies, and comprehensive review articles were selected for inclusion.
GUIDELINES FOR PRACTICE 1. Selecting and Reviewing Therapy

General Principles
New information on investigational and licensed antiretrovirals continues to emerge rapidly, and data are often presented at conferences months or years before being published in the medical literature. International guidelines on HIV treatment are modified frequently to reflect findings from large clinical trials, cohort studies, and emerging research data. 1, 12, 13 Pharmacists should be familiar with current treatment principles so that they can effectively manage and optimize pharmacotherapy for HIV-infected individuals. Pharmacists should also be familiar with recommendations on prophylaxis and treatment of opportunistic infections that occur in conjunction with HIV infection. 14, 15 Useful website resources for health care professionals are presented in Table 1 .
Resistance to Antiretroviral Drugs
Resistance to antiretrovirals is a major cause of treatment failure. 16 It is therefore important for pharmacists to understand the mechanisms of and factors contributing to development of Topic and Sourcedrug resistance. Although drug resistance mutations can be transmitted from person to person, resistance typically arises through persistent viral replication in the presence of suboptimal antiretroviral therapy, caused by nonadherence, reduced potency, or subtherapeutic serum concentrations secondary to interactions or poor absorption. 17, 18 Genotypic resistance assays can be used to detect mutations in viral genes known to confer resistance to antiretroviral agents. 1 Genotypic testing is recommended as the preferred form of resistance testing and should be performed before initiation of combination antiretroviral therapy and after treatment failure, to guide the selection of effective antiretroviral agents. 16, 17, 19 Genotypic testing has been shown to be beneficial when performed at viral loads above 1000 copies/mL. Testing at lower viral loads (i.e., 500-1000 copies/mL) may be unsuccessful but may still be considered. Phenotypic assays measure the ability of the virus to replicate at various drug concentrations and may be useful, in combination with genotype results, for patients with extensive drug resistance mutations. 1 Because drug resistance mutations wane after therapy is stopped, resistance testing should be performed while the patient is still receiving antiretrovirals or within 4 weeks of discontinuing treatment. 17 Pharmacists can play an important role in preventing the development of drug resistance by ensuring selection of potent antiretroviral regimens; monitoring and reinforcing the need for strict adherence; screening for and managing drug-drug interactions; anticipating and effectively managing adverse effects, as a means to increase adherence; providing appropriate education about the relationship between nonadherence and development of resistance; and aggressively managing treatment failure by switching therapy to prevent further accumulation of resistance mutations. 17 Several resources are available to assist health care providers in interpreting the results of genotypic resistance tests (Table 1 ).
Management of Drug Interactions
In addition to antiretrovirals for their HIV infection, many patients require treatment for concomitant conditions. While the need for primary or secondary prophylaxis of opportunistic infections has declined because of potent combination antiretroviral therapy, 20 patients are now living longer and experiencing comorbidities such as cardiovascular disease, hyperlipidemia, hypertension, diabetes mellitus, gastrointestinal conditions, osteoporosis, renal disease, and non-AIDS-related cancers, which may be manifestations of long-term toxic effects of the antiretrovirals, increasing age, or the virus itself. 21 Furthermore, treatment may be required for other indications, including hepatitis coinfection, psychiatric illness, illicit substance use, or solid-organ transplantation. Finally, patients may also be taking vitamins, food supplements, complementary or alternative medicine (CAM) agents, or recreational agents, either regularly or occasionally. Therefore, there is a high potential for drug interactions in this population. Clinically significant drug interactions have been reported in 27%-40% of HIV patients receiving combination antiretroviral therapy, with use of protease inhibitors, use of non-nucleoside reverse transcriptase inhibitors (NNRTIs), number of concomitant medications, current use of illicit drugs, coinfection with hepatitis C virus (HCV), and age identified as independent risk factors. [22] [23] [24] [25] Pharmacists should be aware of the types and mechanisms of drug interactions if they are to manage such interactions effectively. Pharmacokinetic interactions involving drug metabolism are becoming increasingly complex, because many antiretrovirals (notably the protease inhibitors and NNRTIs) are both substrates for and inhibitors or inducers of cytochrome P450 hepatic enzymes and drug transporters. The C-C chemokine receptor type 5 (CCR5) inhibitor maraviroc is also a substrate of isozyme CYP3A4 and is susceptible to interactions with other inducers or inhibitors, although it does not exert any inducing or inhibiting effects on its own. Pharmacokinetic interactions result in altered concentrations of one or more of the interacting drugs. A beneficial example is the use of lowdose ritonavir to boost the concentrations of protease inhibitors or other drugs, which allows lower or less frequent dosing. 26 However, pharmacokinetic interactions may result in subtherapeutic drug concentrations, which could lead either to viral breakthrough (and hence development of resistance or suboptimal management of disease or symptoms) or to supratherapeutic levels (resulting in toxic effects and possibly nonadherence and/or increased morbidity). 23 Of note, the integrase inhibitor raltegravir is not a cytochrome P450 substrate, inducer, or inhibitor and thus may be suitable for inclusion in a patient's regimen when trying to minimize interactions with other drug classes. 27, 28 However, raltegravir is affected by glucuronidation, and higher doses are required in the presence of rifampin. 29 Preliminary data suggest that raltegravir may be affected by P-glycoprotein, although clinically significant interactions via this mechanism have not been well defined. 30 In contrast, the investigational integrase inhibitor elvitegravir, which is in late-stage development, is a CYP3A4 substrate and requires boosting with an inhibitor to achieve therapeutic concentrations. 31 Pharmacodynamic interactions may affect the efficacy or toxicity of a drug in an additive, synergistic, or antagonistic manner. An example of an undesirable HIV-related pharmacodynamic drug-drug interaction occurs with the combination of didanosine and tenofovir. Despite virologic suppression, paradoxical decreases in CD4 cell counts 32, 33 and increased toxic effects of didanosine have been observed with this combination, 34 and coadministration of these 2 drugs should therefore be avoided.
Interactions between antiretrovirals and other drug classes have not been exhaustively elucidated, so pharmacists need to be aware of the pharmacological and pharmacokinetic characteristics of specific agents to identify or predict potential drug interactions. 35 The field of HIV-related drug interactions is growing rapidly, making many of the standard drug information resources out of date. Therefore, pharmacists must utilize current sources of information to make an accurate assessment. Top-ranked HIV drug interaction websites have been identified through independent evaluations based on specific criteria, including content, reliability, accessibility, and ease of navigation 36,37 (see Table 1 ). In situations of suspected or potential drug interactions, close clinical, virological, and therapeutic drug monitoring is warranted. In some instances, dose adjustments may be beneficial in optimizing the clinical response, including viral suppression. 38 Other management options include altering dosing frequency or replacing one agent with another drug that has lower potential for interaction.
Complementary or Alternative Medicine
The concomitant use of CAM with antiretrovirals is common, with up to 60% of HIV-infected individuals reporting the use of such therapies in a recent survey. 39 This rate may underestimate the true frequency, as many CAM users are reluctant to divulge use of these agents to their treating physicians. 40 HIV-infected patients may turn to these forms of therapy to manage symptoms associated with HIV or its treatment such as fatigue or neuropathy, to exert control over their own health care, or to satisfy cultural or religious beliefs. 39 Many concerns may be associated with broad and unreported use of CAM, including safety concerns and risk of potential drug interactions. Some herbal products, such as St John's wort, echinacea, garlic, and Gingko biloba, have been shown to induce or inhibit important metabolic pathways involved in the metabolism of protease inhibitors and NNRTIs, including CYP450, uridine 5'-diphospho-glucuronosyltransferase (UGT), and P-glycoprotein pathways. 41 In one case, an HIV-positive man experienced a 68% reduction in efavirenz concentrations, which caused viral breakthrough and drug resistance, following initiation of Gingko biloba, a known inducer of isozyme CYP3A. 42 In another case, elevated plasma concentrations of lopinavir and severe diarrhea were noted with concomitant use of efamol (a component of evening primose oil that has been shown to inhibit isozymes CYP3A4 and CYP2D6 in vitro). 43 Unfortunately, comprehensive information about potential pharmacokinetic interactions between antiretrovirals and CAM agents is scarce. Antiretroviral dosing, viral sensitivity, and adherence also play determining roles in the overall clinical outcome. As a result, the decision as to whether or not CAM is safe for use with combination antiretroviral therapy is complex and based mostly on extrapolation. Online resources about CAM are listed in Table 1 .
In some studies, CAM was associated with nonadherence with combination antiretroviral therapy, 40 and CAM users may have a less favourable attitude toward traditional medicine than other patients. 40 In addition, consumers may have the misconception that CAM products are harmless because they are "natural". However, numerous adverse effects, including dermatological, gastrointestinal, hematological, hepatotoxic, and central nervous system effects, have been reported in association with CAM use by HIV-infected patients. 44, 45 A US consumer organization recently identified 12 of the most dangerous ingredients currently found in dietary supplements 46 : aconite, bitter orange, chaparral, colloidal silver, coltsfoot, comfrey, country mallow, germanium, greater celandine, kava, lobelia, and yohimbe. These products have been associated with numerous health hazards, including cancer, heart problems, and death, and should be avoided.
Finally, patients need to be reminded that, in contrast to conventional medications, the large majority of CAM products are not licensed and are not required to meet the standards for efficacy, safety, bioavailability, and stability that are required for conventional medications before they can be marketed. In the United States, all food additives and drugs must be approved by the Food and Drug Administration. However, herbal remedies are classified as dietary supplements, and manufacturers do not have to prove the safety and effectiveness of dietary supplements before marketing them. In Canada, the Natural Health Product Regulations require licensure for vitamins and minerals, herbal remedies, homeopathic and traditional (e.g., Chinese or Ayurvedic) medicines, and supplements. To receive either a Natural Product Number (NPN) or a Homeopathic Medicine Number (DIN-HM), the manufacturer must meet specific labelling and packaging requirements, must follow good manufacturing practices, and must provide proper evidence of safety and efficacy (for information, see Health Canada's website concerning regulation of natural health products in Canada: www.hc-sc.gc.ca/dhp-mps/prodnatur/about-apropos/indexeng.php#gmp#gmp). Pharmacists may choose to recommend products with an NPN or DIN-HM over those that do not.
Pharmacists can play a crucial role by providing reliable information about CAM to help patients understand the potential risks, benefits, and uncertainties regarding specific products of interest. When indicated, potential interventions include offering therapeutic alternatives, evaluating the risk of drug interactions, recommending therapeutic drug monitoring, and ensuring optimal adherence with combination antiretroviral therapy. 47 
General Promotion and Maintenance of Health
With the evolution of HIV infection into a chronic, manageable disease, patients who are receiving stable combination antiretroviral therapy may be seen less frequently. The emphasis has therefore shifted to issues of routine primary care, with attention on promotion and maintenance of health. 48 Pharmacists, especially those practising in ambulatory or community settings, can play a significant role in this aspect of care. They can help to ensure that patients are up to date on routine vaccinations and immunizations, advise on proper diet and nutrition, and provide counselling on personal health and safety issues such as sun protection, routine oral hygiene, safer sex practices, management of erectile dysfunction, prevention of falls, and smoking cessation.
Tailoring Therapy for Specific Populations
Women
Women and families living with HIV pose unique challenges for pharmacists. The HIV-infected woman who may be caring for her infected partner and/or children often requires additional support from all members of the health care team. The incidence of adverse effects of antiretrovirals may be greater among women than among men. These adverse effects include nevirapine-induced hepatotoxicity and lactic acidosis, and distinctive metabolic complications. 1 These factors should be carefully considered and discussed with women to ensure selection of the most appropriate combination antiretroviral regimen. As the life expectancy of HIV-infected individuals improves, issues of fertility and risk reduction when planning pregnancy will become more common. For women of childbearing age, choosing a regimen that is safe during pregnancy is of paramount importance. In particular, efavirenz is categorized as a class D agent and should be avoided unless effective and consistent contraception is being used. Conversely, pharmacists should also be comfortable discussing methods of contraception and need to be aware of drug interactions with hormonal contraceptives. 1, 49 All pregnant women, regardless of their viral load or CD4 cell count, should be offered treatment with combination antiretrovirals to prevent vertical transmission of HIV. 1, 50 Known or potential effects of HIV infection or medications on the fetus are significant issues, and referral to health care providers with expertise in perinatal HIV care is crucial. Physiologic changes induced by pregnancy may also affect plasma concentrations of antiretrovirals, and therapeutic drug monitoring with dosage adjustment may need to be considered. Health care providers can obtain information on the safety of specific antiretrovirals in pregnancy by reviewing current guidelines 50 or by contacting Motherisk (a Canadian program for women and health care professionals, based at The Hospital for Sick Children and focusing on medication safety in pregnancy) 51 (see Table 1 ). Health care providers can also register their pregnant patients who are taking antiretrovirals with the US Antiretroviral Pregnancy Registry (see Table 1 for website information).
Pediatric Patients
In utero, intrapartum, and potentially postpartum exposure of a neonate born to an HIV-positive mother places the neonate at risk of perinatally acquired HIV. 50, 52 The use of combination antiretroviral therapy during these critical stages of transmission has lowered the transmission rate to less than 2% in the developed world. 52 Because maternal antibodies to HIV may persist in the newborn for up to 18 months, diagnosis of perinatally acquired HIV infection relies on virologic assays that directly detect HIV. Assessment of HIV-positive infants must take into account age-specific differences in CD4 cell counts.
52
Drug disposition differs between children and adults because of pediatric physiology and the maturation continuum of the developing body, specifically the organs involved in metabolism and clearance of drugs. 53 These pharmacokinetic differences between adults and children have been studied for some antiretrovirals, such as lopinavir, 54 ,55 but such study is often lacking for newer agents. 52 Genetic differences in age-related phenotypic alterations of hepatic enzyme activity may partially contribute to the differences in pediatric clearance of many drugs. 56 Significant inter-and intra-patient variability of antiretroviral levels in children has been demonstrated, which supports the role of therapeutic drug monitoring in individualizing dosing calculations for pediatric patients. 57 There is a role for pharmacists in accurate calculation of pediatric doses of antiretrovirals (i.e., based on weight, body surface area, and/or age). Therefore, these patient characteristics should be confirmed at each visit to ensure appropriate adjustment of antiretroviral doses as children grow. Unfortunately, extensive scientific and clinical research in pediatric patients, including HIV-related research, is lacking. Legislative initiatives are now stimulating pediatric research on drug clearance and dose optimization. 58 Nonetheless, pediatric pharmacists must continue to lobby to have pediatric dosing guidelines and formulations made available when new antiretrovirals are marketed for the adult population.
One of the main concerns in providing pediatric care is the issue of palatability of medications and the impact of this factor on adherence and treatment success. Antiretrovirals are usually marketed with no accompanying oral liquid formulation or stability guidelines to direct splitting or crushing of tablets. Furthermore, even when liquid formulations are available, some products pose toxicity risks for very young infants. For example, the oral solution of lopinavir-ritonavir contains alcohol and propylene glycol, and preterm neonates may be at increased risk of adverse events through a limited ability to metabolize propylene glycol. 59 Several useful resources on formulation options are available to assist clinicians in optimizing delivery of antiretrovirals in the pediatric population. 60 The challenge of strict adherence to combination antiretroviral therapy plagues patients of all ages and is magnified in the adolescent age group. 61 Patients in this age group who have taken combination therapy since early childhood may experience "regimen fatigue" and may have high rates of virologic resistance and other consequences of extended exposure to antiretrovirals. Normal developmental transitions of adolescence, such as rebellion and the need for autonomy, a focus on peer relationships, and inattention to future consequences, can adversely affect adherence with medication regimens. Additional challenges include sexual debut (with accompanying concerns related to partner disclosure, pregnancy, and transmission risk) and psychiatric or neurocognitive morbidity possibly related to the long-term effects of HIV infection, exposure to antiretrovirals, and/or environmental stressors, including family disruption, economic hardship, marginalization, and discrimination. 62 Potential interventional strategies continue to be explored in the struggle to assist adolescent patients in improving their adherence. 63 For younger infants and children, it is important to consider additional factors such as adherence and the abilities of the caregivers who will be administering the medication, the caregiver's lifestyle and schedule, the complexity of the drug regimen, and confidentiality issues related to sharing the HIV diagnosis with members of the extended family and friends. Directions on how to manage refused doses or partially ingested doses (due to spitting up of doses) should also be discussed with the caregiver.
A complicating factor for adherence within this subpopulation is the uniquely pediatric concept that some patients may not know their own diagnosis of HIV infection. Disclosure is typically a gradual process, initiated when the child is very young and expanded over time until the patient's parent or caregiver feels that the child is sufficiently mature to understand the significance of the diagnosis. 64 In particular, lack of knowledge of the diagnosis may prevent children from understanding the importance of adherence. However, to prevent disclosure of diagnoses to people outside the family through identification of medications, practical dosing schedules need to be designed that avoid administration of antiretrovirals during daycare or school hours.
Transitioning from pediatric to adult care is an important issue that needs to be planned in advance to minimize anxiety and avoid unintentional gaps in medical care and/or antiretroviral treatment. Adolescents with chronic disease face many challenges in moving from a child-centred, interdisciplinary, "one-stop shopping" model of care to an adult care model in which increased personal responsibility is expected, and medical and psychosocial services may be fragmented. Adolescents living with HIV also face unique psychosocial and medical needs that make transition planning much more complicated than is the case for other chronic illnesses. These needs may relate to stigma and the requirement for disclosure to sexual partners, friends, and/or service providers, as well as loss of the "family" of pediatric and adolescent care team members. In addition, adolescents and young adults may be less likely to have medical or drug insurance than people in other age groups, which can significantly impair their access to care. 65 
Patients with Comorbidities
The success of combination antiretroviral therapy, yielding high rates of viral suppression and immune recovery, means that patients with HIV are living longer, and the population as a whole is aging. In addition, older people are becoming newly infected with HIV. Comorbidities are common among HIVinfected patients, with consumption of alcohol, use of tobacco products and illicit substances, low body mass index, low socioeconomic status, and coinfection with HCV being some of the contributing factors. The prevalences of depression, liver and renal disease, and multimorbidity are also higher among HIV-infected patients. 66 Traditional comorbidities of elderly patients occur at an earlier age in HIV-infected individuals. These patients are at increased risk of premature cardiovascular disease, neurocognitive disease, bone disease (including osteopenia and fractures), and non-AIDS cancers, perhaps because of ongoing viral inflammation that is not normalized even with combination antiretroviral therapy. 67 Starting antiretroviral medications when CD4 cell counts are less than 500 cells/µL (rather than when counts are greater than 500 cells/µL) has been shown to increase the risk of death from non-AIDS-related causes. 66 The incidence of cardiovascular disease and diabetes is increased among HIV-positive individuals. 66 Patients with HIV infection have lower levels of high-density lipoprotein cholesterol and higher levels of low-density lipoprotein cholesterol than uninfected patients, and the prevalence of smoking is higher among HIV-infected patients. 67 Antiretroviral drugs have been associated with metabolic adverse effects, such as hyperlipidemia, insulin resistance, and/or lipodystrophy, which may result in premature development of cardiovascular disease, 68 and certain antiretrovirals may be associated with an increased risk of myocardial infarction. 1 Patients should be screened with tools such as the Framingham cardiovascular risk score (see www.framinghamheartstudy.org/risk/coronary.html). Modifiable risk factors such as dyslipidemia, diabetes, and hypertension should be identified and managed according to guidelines for non-HIV-infected patients, with attention to potential interactions with antiretroviral agents. [69] [70] [71] The involvement of pharmacists in smoking cessation programs and blood glucose monitoring programs can contribute to overall health promotion.
Studies have shown that HIV-infected patients have an increased risk of osteopenia and osteoporosis. The contributing role of combination antiretroviral therapy is unclear, although the long-term use of tenofovir is being investigated as a potential risk factor. 72 Pharmacists should assess the need for calcium and vitamin D supplementation and should screen for other risk factors for osteoporosis, including smoking, alcohol use, low body mass index, and medications such as anticonvulsants and corticosteroids. Levels of vitamin D have been found to be low in HIV patients, with the majority qualifying for supplementation. 73 Although routine population screening for vitamin D deficiency is not recommended, screening may be appropriate for HIV-positive patients older than 50 years and/or patients with a history of fractures, osteoporosis, or falls. For patients with vitamin D deficiency, a number of options for replacement therapy are recommended. [74] [75] [76] Updated guidelines from the Endocrine Society recommend 50 000 IU of vitamin D 2 or D 3 per week (or 6000 IU of vitamin D 2 or D 3 daily) for 8 weeks, followed by 1500 to 2000 IU per day as maintenance therapy. 76 In addition to its recommendations for treating vitamin D deficiency, the Endocrine Society has guidelines for preventing deficiency. For prevention in the general population, the Society recommends daily vitamin D supplementation of at least 600 IU in HIV-negative adults years of age and doses of 600-800 IU for adults between 50 and 70 years of age, with ideal intake possibly being as high as 1500-2000 IU daily. For adults who are obese (body mass index > 30 kg/m 2 ) and for those who are taking anticonvulsants, glucocorticoids, and/or antiretrovirals that may increase vitamin D catabolism (such as regimens containing efavirenz), 77 the Endocrine Society panel recommends that doses 2-to 3-fold higher may be required. 76 Patients should be encouraged to consume adequate vitamin D and calcium (1000-1200 mg daily for adults 78 ) through their diet. Patients should also be counselled to engage in regular weight-bearing exercise, to minimize alcohol and tobacco use, and to avoid or prevent falls. Screening of bone mineral density by dual-energy x-ray absorptiometry should be considered for HIV-infected patients over the age of 50, especially those with at least one other risk factor. Osteoporosis can be treated with bisphosphonates, similar to therapy for HIVnegative patients. 79 Given the higher incidence of renal and liver disease in the HIV-infected population, along with the risk of hepatotoxicity and nephrotoxicity associated with antiretrovirals, dosing medications appropriately for renal and hepatic function is important. As patients age, absorption and clearance of antiretrovirals may change, which can lead to irregular drug levels. Patients should undergo regular laboratory monitoring for toxicity and efficacy. The pharmacist can play a role in monitoring use of over-the-counter medications that can contribute to hepatotoxicity and nephrotoxicity, such as acetaminophen and nonsteroidal anti-inflammatory drugs.
HIV-associated neurocognitive disorders are more common in patients with a low CD4 cell count but may persist despite combination antiretroviral therapy. 80 There is some concern that certain antiretrovirals do not penetrate the central nervous system (CNS), possibly leading to continued viral replication in the cerebrospinal fluid. A ranking of antiretrovirals by their CNS penetration-effectiveness score has been validated, 80 and some clinicians try to select regimens that are more "neuroactive". However, use of better CNS-penetrating antiretrovirals to improve neurocognitive performance and prognosis has not been well established, and research in this area is ongoing. Pharmacists need to be aware of the potential for declining cognition in this population and should tailor patient information and monitor for adherence accordingly.
Patients with Coinfection with Hepatitis Virus
Hepatitis B virus (HBV) and HCV share common routes of transmission with HIV, and coinfection is frequent. Management of patients with such coinfections may involve multiple agents having possible interactions and significant adverse effects. The order in which to treat concurrent conditions depends on the risk of progression of liver disease, the CD4 cell count, and the need for combination antiretroviral therapy. Furthermore, the selection of antiretrovirals is influenced by the need to treat HBV or HCV infection. Guide 
for all HIV-positive patients coinfected with either HBV or HCV. More specifically, all coinfected patients should receive hepatitis A vaccine if they are determined to be non-immune to hepatitis A. If the patient is coinfected with HCV and non-immune to HBV, then HBV vaccine should also be given. All coinfected patients should be advised to abstain from drinking alcohol; appropriate referrals can be made if alcohol dependency is a problem.
Hepatitis B
Tenofovir, lamivudine, and emtricitabine are active against both HIV and HBV, and the anti-HBV drug entecavir also has weak anti-HIV activity. 83, 84 Therefore, treatment choices for patients coinfected with HIV and HBV need to be made carefully to avoid inadvertent monotherapy for either infection and the possible development of HBV and/or HIV drug resistance.
In general, HBV is treated with a combination of 2 antivirals, whereas standard combination antiretroviral therapy consists of 2 nucleosides plus a third agent. Therefore, when treating a patient coinfected with HIV and HBV, tenofovir plus emtricitabine or lamivudine should be used as the nucleoside backbone of a fully suppressive combination regimen. If tenofovir cannot be used, then an alternative antiretroviral should be selected, and entecavir should be added for additional anti-HBV activity. 1 If HIV therapy needs to be modified because of virologic failure or HIV drug resistance, the antiretrovirals active against HBV should be continued to maintain adequate HBV suppression and to prevent relapse or worsening of the HBV infection. A new, fully suppressive combination antiretroviral regimen should be selected for treatment of the HIV infection.
Hepatitis C
The optimal time to treat HCV in an HIV-positive patient has not been determined. However, it is recognized that HCV coinfection is associated with an increased risk of liver cirrhosis and hepatocellular carcinoma and higher rates of antiretroviralinduced hepatotoxicity relative to patients with HIV infection alone. In patients with acute HCV infection and a CD4 cell count higher than 350 cells/mm 3 , HCV therapy can be commenced before combination antiretroviral therapy, as rates of sustained virological response are significantly decreased if anti-HCV therapy is delayed for more than a year after the onset of acute infection. 82 However, if the patient's CD4 cell count is less than 350 cells/mm 3 , most experts would recommend treating the HIV infection first (to improve the CD4 cell count) before starting HCV therapy, as the latter may further decrease CD4 cell levels. 13 Pharmacists should be aware of key drug interactions if simultaneous treatment of HCV and HIV infection is required.
For example, didanosine, stavudine, and zidovudine should be avoided with pegylated interferon and ribavirin because of increased risks of mitochondrial toxicity and anemia. 81, 85 Some controversy exists as to whether concomitant abacavir may be associated with a reduced response to pegylated interferon and ribavirin, [86] [87] [88] but a recent in vitro study showed that the anti-HCV activity of ribavirin was not modified by abacavir. 89 It is important to achieve adequate ribavirin trough levels via weight-based dosing, 85, 90 and there is insufficient evidence to recommend avoiding this combination. 1 Two recently approved direct-acting antivirals for HCV infection, boceprevir and telaprevir, are substrates and inhibitors of isozyme CYP3A4 and P-glycoprotein. Thus, the possibility for interactions exists between these agents and protease inhibitors, NNRTIs, and maraviroc. 91 Negative 2-way interactions have been observed between both boceprevir and telaprevir and ritonavir-boosted protease inhibitors, with significant reductions in exposure to HCV agents and HIV protease inhibitors. Therefore, telaprevir should not be coadministered with ritonavir-boosted darunavir, fosamprenavir, or lopinavir, 92 and boceprevir is not recommended for use with any boosted protease inhibitor. 93 Concentrations of boceprevir are significantly reduced in the presence of efavirenz, and this combination should be avoided. 94 Similarly, telaprevir concentrations are reduced by concomitant efavirenz; the possibility of using higher telaprevir doses to overcome this interaction is being explored. 95 In contrast, raltegravir may be used with both HCV agents without dosage adjustment. 96, 97 Both antiretrovirals and current HCV treatment have multiple adverse effects. For instance, pegylated interferon and ribavirin have toxic effects that overlap with those of zidovudine and efavirenz, resulting in additive anemia and CNS effects, including depression, mood changes, and suicidality. Ribavirin may cause a decrease in the total lymphocyte count, which can affect CD4 cell counts. Therefore, the CD4 percentage, rather than the absolute number, may be a more appropriate measure of immunologic efficacy during ribavirin treatment. Hepatotoxicity may occur more frequently in patients with coinfection. Close monitoring is required, and dosage adjustments or alterations of combination antiretroviral therapy may be required if hepatic decompensation occurs. 1 These interactions illustrate the complexity of treating HIV and HCV coinfection. Further research is needed in this area to identify optimal combinations of agents in patients with coinfection. Pharmacists have a key role in ensuring the safety of therapy and assisting with adherence challenges to optimize treatment response to both HIV and HCV therapies and to maintain overall quality of life for patients during the course of HCV treatment and beyond.
Marginalized Patient Groups
Marginalized members of society, such as people who use various substances, people who are homeless, and those with psychiatric disorders, may have additional needs.
Patients with HIV infection should be encouraged to provide a comprehensive list of any recreational drugs that they use routinely or occasionally. The importance of this disclosure must be explained to the patient. Pharmacists need to screen for potentially harmful drug interactions between antiretrovirals and recreational drugs such as ecstasy (3,4-methylenedioxy-Nmethylamphetamine or MDMA), ␥-hydroxy-butyrate (also known as GHB), phencyclidine (also known as PCP), and ketamine. Many of these agents undergo metabolism in part via the CYP450 system, and adverse interactions, including death, have been reported. 98 In addition, the frequency, route, and type of recreational drugs used may affect adherence with HIV therapy. However, the ongoing use of recreational drugs should not preclude a patient from receiving appropriate combination antiretroviral therapy. 99 Studies have shown that, with various support programs, therapeutic success with combination therapy can be achieved, despite ongoing use of illicit drugs. 99, 100 Pharmacists should support patients seeking methadone maintenance therapy and/or needle exchange programs. Methadone maintenance services have yielded positive outcomes, including improved adherence and virological suppression. 99, 101 Since methadone is a substrate of the CYP450 hepatic enzyme system, there may be clinically relevant interactions between combination antiretroviral therapy and methadone, which may in turn lead to decreased exposure to methadone and symptoms of withdrawal. 98 Pharmacists should counsel both patients and methadone prescribers about such potential interactions and the possible need for increased maintenance doses of methadone. The use of certain recreational drugs is also associated with high-risk sexual behaviour, and patients using these drugs may need referral for further counselling. 1 Finally, the high incidence of coinfection with HCV among injection drug users should also be considered, and special attention should be given to evaluating hepatic function in these patients, as discussed earlier.
Many patients do not have access to refrigeration, areas for safe storage of medications, regular means of transportation to appointments, telephones for follow-up, or stable housing. Therefore, whenever possible, combination antiretroviral regimens should be kept simple. Medications should be provided in small quantities at an easily accessible location, and treatment may include the use of directly observed therapy programs or coordination of administration of antiretrovirals with methadone pick-up. Directly observed therapy may be simplified by favouring once-daily combination regimens. Adherence aids to help with storage and organization of doses should be readily available at no or minimal cost, and frequent monitoring should be planned to identify and manage any obstacles to success that may arise. Pharmacists may consider enlisting the help of patient advocates or community caregivers to maintain continuity of availability and administration of medications. Counselling sessions should be concise and should take into consideration the educational and cultural background of each patient.
Depression is underdiagnosed among patients with HIV, although its estimated prevalence is believed to be as high as 42%. 102 Patients with depressive symptoms or severe anxiety may lack the motivation and self-efficacy required to attend clinic appointments or to be adherent to antiretroviral therapy. 103 Untreated depression has been linked with poor health outcomes, including reduced immunologic response and death; 104 efforts should therefore be made to screen patients for mental illness and institute appropriate treatment. Guidelines recommend treatment in conjunction with adherence counselling to improve depressive symptoms, adherence to antiretroviral therapy, and health outcomes. 104 HIV-infected patients respond similarly to antidepressants as do uninfected patients, so selection of therapy should be based on a consideration of factors such as comorbidities, the potential for drug interactions (especially with antiretroviral therapy), and adverse effects. 102 Suicidality may be also be present, so avoidance of antidepressants that may be lethal in overdose, such as tricyclic antidepressants, may be prudent.
Immigrant and Indigent Populations
HIV-infected patients from endemic countries present distinctive challenges to the HIV pharmacist. These patients may struggle with HIV-related stigma in a context where certain risk factors for HIV acquisition may be associated with persecution; as such, they may be reluctant to disclose their condition to friends or family and may therefore experience social isolation. They may have different beliefs about HIV treatment or financial difficulty in paying for medications, they may present with opportunistic coinfections endemic to their home countries, they may have difficulty accessing services, and/or they may suffer from post-traumatic stress disorders related to horrific events or conditions experienced before their move to a new country. 105 Pharmacists need to be sensitive to these issues when discussing and managing HIV therapy. Being able to communicate with patients in their native language may reduce some barriers. The use of reliable, trustworthy, medically knowledgeable interpreters is imperative to ensure that patients adequately understand their complex medication regimens. Many cities have medical clinics that specialize in caring for immigrant populations and can help patients to get in touch with needed services. Pharmacists should try to familiarize themselves with these organizations so that they are ready to refer clients when the need arises.
Even within Canada and the United States, First Nations, Inuit, Métis, and Native American peoples face important barriers to treatment, including decreased adherence and virologic response (relative to other populations), difficulty accessing medications, lack of access to HIV-trained physicians and allied health care professionals, a high pregnancy rate, illicit substance use, poverty, homelessness, mental health issues, and coinfection with HCV and tuberculosis. [106] [107] [108] [109] Pharmacists should try to understand these particular needs in order to ensure that these patients have the best opportunity to realize the benefits of combination antiretroviral therapy.
Patient Counselling
Counselling and Patient Education
HIV disease crosses many boundaries related to sex, age, race, culture, socioeconomic status, language, and lifestyle choice. Pharmacists need to be aware of these issues and take into account the communication style and literacy level of each patient when they are providing counselling. The ultimate goal is to develop a more personal and trusting relationship, so that the patient feels comfortable and cared for and is willing to discuss any and all issues regarding his or her diseases and treatment in a confidential, nonjudgmental, nonpunitive relationship with the pharmacist.
Interviews should be conducted in a private setting. The presence of family members, partners, or friends during the counselling session can be helpful for reinforcement and ongoing patient support.
Counselling should cover practical matters related to medications. For example, some antiretrovirals are typically stored in the fridge but may be stable for several days or weeks at room temperature. Giving the patient this information will help to ensure that medications are stored properly but allows some flexibility if the patient is filling his or her own dosettes or is away from home without access to refrigeration. Also, it is important to advise the patient whether medications should be taken with or without food, and whether the type of food ingested will affect absorption of the medication. For example, fatty foods should be avoided in conjunction with administration of efavirenz, to minimize CNS toxicity. With regard to timing, all antiretrovirals administered once daily should be taken together, at the same time each day, whereas twice-daily antiretrovirals should be given approximately [10] [11] [12] hours apart, to provide consistent drug concentrations. It should also be emphasized that ritonavir must be taken at the same time as the concomitant protease inhibitor or other boosted antiretroviral, to ensure that optimal concentrations are achieved. Discussions about the adverse effects of medications should be presented in a balanced manner, with emphasis on the benefits of therapy and presentation of strategies for managing nuisance adverse effects. Patients will benefit from counselling about proactive strategies to be used if doses are missed, to minimize the risk of resistance. Providing written information at a grade 8 literacy level can help with retention of information; in some circumstances, an interpreter and/or handouts in other languages may be necessary.
The pharmacist can also be a referral source for other support and educational tools that may be of interest and use to the patient, such as websites with drug information or other patient-related information and community support groups. From counselling on vitamins, CAM, and safer sex practices, to thorough education regarding combination antiretroviral therapy and lifestyle changes required to manage the comorbidities of HIV infection, treatment, or aging, pharmacists may be the HIV health care providers who can pull everything together and communicate the information simply and efficiently in each patient counselling session.
Adherence Issues
Medication adherence is a crucial factor affecting the extent and duration of response to combination antiretroviral therapy.
1 Suboptimal adherence to both HIV therapy and prophylactic regimens against opportunistic infection may have lasting consequences for the HIV-positive patient, including increased viral load, development of resistance, reduced efficacy of future combination therapy, increased risk of hospital admission, increased progression to AIDS, and decreased survival.
1, [110] [111] [112] In particular, there is a highly significant correlation between suboptimal adherence and risk of virologic failure, as well as better outcomes with adherence rates over 95%. 113 Newer combination regimens typically consist of coformulated pills of agents with longer half-lives than earlier drugs, which have been shown to be more "forgiving" of imperfect adherence. 114, 115 In addition to Atripla, a fixed-dose combination tablet of efavirenz, emtricitabine, and tenofovir, a second fixed-dose tablet, Complera, consisting of rilpivirine, emtricitabine, and tenofovir, has recently been licensed in both Canada and the United States. Use of single-tablet, once-daily regimens has been associated with higher adherence rates and reduced risk of hospital admission relative to multitablet, once-daily regimens. 116, 117 Recently published guidelines from an international panel of physicians in AIDS care recommended the use of fixed-dose combinations among regimens of equal efficacy and safety, to decrease the pill burden and enhance adherence. 104 The goal remains maximal adherence, and pharmacists are uniquely positioned to help patients achieve this goal. A number of factors may complicate a patient's ability to take their combination antiretroviral therapy "as prescribed". In particular, adherence fatigue, which is relatively common, may compromise the long-term effectiveness of therapy. 118 Although newer regimens generally require less frequent dosing than older regimens, adherence may still be affected by food restrictions, adverse effects, numerous drug interactions, and cost.
One of the most significant predictors of nonadherence with combination antiretroviral therapy is poor treatment competency, defined as the patient having incorrect beliefs about his or her medications and his or her disease, as well as lower optimism regarding treatment efficacy. 119 A trusting, collaborative relationship between the patient and his or her caregivers is essential to support adherence with therapy over the long term. 119 Pharmacists can play an important role in assessing readiness to begin combination antiretroviral therapy, providing education about the medications and expectations of treatment, helping patients tailor drug regimens to their lifestyle, and managing adverse effects. In a recent retrospective study, recommendations on changes to the antiretroviral regimen made by a clinical HIV pharmacist led to significant reductions in daily pill burden and dosing frequency and significant improvements in medication adherence, CD4 response, and viral suppression. 5 Of critical importance is the need to ensure an uninterrupted supply of medication and assistance with financial barriers to adherence. Concerns about privacy and confidentiality should also be addressed, particularly in the community pharmacy setting.
Adherence to combination antiretroviral therapy can be reasonably assessed through regular review of refill frequency 120 and patient self-reporting. Although self-reporting by patients has been considered to overestimate adherence by about 10%-20%, 121 it can be a reliable indicator if problems are reported, and it presents an opportunity for intervention to assist the patient. The pharmacist's inquiries about adherence should be phrased in a nonjudgmental, routine manner, through open-ended questions that acknowledge the difficulty of perfect adherence. 122 The pharmacist should ascertain not only whether doses are being missed but also the patient's knowledge of medication names and prescribed dosing regimen, including attention to dietary requirements, and whether there may be a pattern to any nonadherence, for example, on weekends or when daily routines change. 123 This aspect of care will become even more crucial as the HIV-infected population ages and the pill burden increases with polypharmacy for treating comorbidities of aging. Reasons for poor adherence should be explored and potential solutions may be proposed.
Medication adherence should be regarded as a behaviour that patients adopt and incorporate into their lifestyles. Pharmacists can support adherence by helping to anticipate and identify barriers to adherence and strategizing with patients to find solutions that will work for them 104 (Appendix 1). Options and effective strategies may include utilization of once-daily regimens, single-tablet fixed-dose combinations, reminder alarm devices, texting services, pill organizers, dose planners, and one-on-one support in a multidisciplinary team environment.
Acquisition of Medications
One of the few health care professionals likely to have access to information about the acquisition of medications and payment plans is the pharmacist. Antiretrovirals can be cost prohibitive, and the cost may be a significant barrier to achieving therapeutic success. As HIV-infected patients age and begin adding medications for the treatment of comorbid illnesses, the burden of added costs rises significantly. The patient's ability to pay for medications should be well established before combination antiretroviral therapy is initiated; otherwise, inconsistent access will result in therapy gaps and increase the risk of drug resistance.
If the financial burden of prescription drugs is overwhelming, other areas of a patient's life may be compromised, such as nutrition, stable housing, social interaction, and overall quality of life. Pharmacists should be aware of the various drug benefit programs that can assist patients with high prescription costs, including federal programs available to special patient groups, such as the Ryan White HIV/AIDS Program in the United States, for low-income, uninsured, or indigent patients, and the Non-Insured Health Benefits program in Canada, for First Nations and Inuit patients. Pharmacists should also be mindful of other means of accessing medication, such as participating in clinical drug trials or enrolling in emergencyrelease, compassionate-access, and expanded-access programs. Pharmacists should also become familiar with local advocacy groups that offer financial assistance to manage drug costs. Pharmacists can assist in selecting affordable medications and/or recommending effective therapeutic alternatives based on their awareness of the particulars of a patient's drug insurance plan. Pharmacists should become skilled at coordinating benefits to maximize the potential for full coverage. At the same time, patients should understand the importance of maintaining a commitment to one pharmacy that can best serve their needs and provide services with fees that are within patients' respective budgets. Patients should also be advised that their community pharmacy may not routinely stock all the medications they require, and they may need to provide advance notice of refills to ensure an uninterrupted supply of medications.
Monitoring Response to Therapy
Managing Adverse Drug Reactions
Adverse drug reactions to antiretrovirals occur frequently and are a major reason for discontinuing or changing therapy. 124 Almost all organ systems can be affected by combination antiretroviral therapy, including the gastrointestinal system, heart, bone, kidneys, and liver. 2 Adverse events may present as severe and/or serious events, which are relatively infrequent, or as less serious but more common events. 125 The serious adverse effects of antiretrovirals include hypersensitivity reactions, mitochondrial toxicity resulting in lactic acidosis, cardiomyopathy, pancreatitis, steatohepatitis, and nephrotoxicity. Lipodystrophy syndrome, including changes in fat distribution, may develop with long-term use of antiretrovirals (particularly with exposure to thymidine nucleoside analogues) and may be associated with significant psychological stress and stigmatization. These events typically require discontinuation of therapy, and in most cases rechallenge is not recommended. 2 In con-trast, more common and generally less severe adverse effects include diarrhea, nausea, headache, CNS effects, and grade 1-2 cutaneous rashes. In some cases, adverse effects resolve on their own. Adverse effects can also be effectively managed by the addition of symptomatic treatment or by changing the regimen of antiretrovirals. 1, 126 Additional risk factors that may compound the risk of long-term toxic effects, such as substance use, alcohol, smoking, and lifestyle factors, should also be routinely addressed at clinic visits.
Adding to the complexity of adverse drug reactions is the rapidly evolving field of pharmacogenetics. 127 For example, there is a higher prevalence of abacavir hypersensitivity reactions among individuals who carry the class I allele HLA-B*5701. 128 Use of immunogenetic testing to screen for abacavir hypersensitivity reaction (by identifying the presence of HLA-B*5701) is now standard of care. 1 Other drugs that are under study for genetic variability in disposition and associated toxicity include nevirapine (hypersensitivity), 129 efavirenz (CNS effects), 130 and tenofovir (renal dysfunction).
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In the initial assessment of an adverse drug reaction, it is critical to evaluate the patient's signs and symptoms, the type of reaction (acute or chronic, dose-related or idiosyncratic), the timing of onset of the event, any underlying organ dysfunction, concomitant diseases, and any other abnormal laboratory results. A thorough history of drug and substance use and allergies, along with an assessment of adherence with therapy, duration of therapy, and possible drug interactions, is also required. Once a potential causative drug is identified, management may include addition of a new drug to treat the adverse effect, discontinuation of the suspect drug, and/or substitution with another less toxic but equally effective agent. 125 Although adverse drug reactions occurring with other drug classes can sometimes be managed effectively by reducing the dosage of the causative agent, reducing the dosage of antiretrovirals in patients with normal renal and hepatic function is generally not recommended because of the possible development of resistance. Readers are referred to several current references that review the toxicity of antiretrovirals in more depth.
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Therapeutic Drug Monitoring
Therapeutic drug monitoring involves measurement of drug concentrations in the plasma and subsequent adjustment of doses to achieve therapeutic concentrations. Evidence exists of a relationship between exposure to antiretrovirals and virologic response and, in more limited instances, between drug exposure and toxicity. 133, 134 Therapeutic drug monitoring is therefore used to optimize the efficacy and, in certain cases, to minimize the toxic effects of antiretrovirals. Several retrospective studies have demonstrated correlations between plasma concentrations of various antiretrovirals and specific toxic effects. In particular, indinavir and nephrolithiasis, efavirenz and CNS toxicity, nevirapine and hepatotoxicity, atazanavir and hyperbilirubinemia, and lopinavir and dyslipidemia. 135, 136 The clinical application of therapeutic drug monitoring has been evaluated in a few prospective randomized trials involving patients receiving their first course of combination antiretroviral therapy. 137, 138 The results of these studies support the utility of such monitoring in achieving positive virologic outcomes and/or minimizing drug toxicity in this population. However, prospective studies have failed to demonstrate the benefit of therapeutic drug monitoring in improving clinical outcomes in treatment-experienced patients. [139] [140] [141] [142] The use of suboptimal target concentrations, delayed use of therapeutic drug monitoring, low adherence by physicians to recommendations for dose adjustment, inclusion of patients with highly treatment-resistant virus, and insufficient statistical power are reasons that might explain the lack of benefit of therapeutic drug monitoring in these studies. 135, 136 Therapeutic drug monitoring for antiretrovirals is likely to be most helpful when used for specific patient populations and clinical scenarios. For instance, pediatrics, pregnancy, aging, hepatic impairment, and obesity or cachexia may be associated with changes in pharmacokinetic parameters that can affect absorption, metabolism, and clearance of drugs. 143 Therapeutic drug monitoring may also be useful in evaluating suspected drug interactions, malabsorption, toxicity of certain antiretrovirals, virologic failure, and use of unboosted protease inhibitors or unconventional regimens that may be associated with a risk of suboptimal trough concentrations. 144 Therapeutic drug monitoring can also be a valuable clinical tool, especially when combined with other important treatment considerations as part of overall clinical management of a patient. In some countries, therapeutic drug monitoring is part of routine standard of care, whereas in other countries, it is performed only by request or in the course of research programs.
Guiding Transitions of Care
Prevention of Errors
Like other patients with complex medical needs, many patients living with HIV/AIDS are under the care of multiple health care providers in various settings. In many cases, a patient's HIV disease may be managed through a specialized clinic, with other medical issues being handled by a general practitioner (GP) or other specialists. Medication errors occur frequently in individuals with HIV/AIDS, often as a result of faulty communication at the interfaces of care, such as admission to and discharge from hospital. 145, 146 Antiretroviral prescribing errors have been estimated to occur for between 5% and 30% of HIV-infected hospital inpatients, 8, 147 with one prospective study reporting a prevalence as high as 72%.
including specialized clinics, 152 and may occur as a result of actions by both patients and health care providers. 153, 154 
Medication Reconciliation
Medication reconciliation, the process of obtaining the most accurate list of all medications that a patient is taking and comparing this list against the physician's admission, transfer, and/or discharge orders, 155 can help to identify discrepancies and thus can significantly reduce the incidence of errors. Although medication reconciliation is a shared responsibility, pharmacists should strongly consider leadership in this area, 156 as studies have shown they can be an instrumental component of the process. Obtaining an accurate (best possible) medication history through reviews of patient-related documents from GP care, specialist interventions, and hospital reports is essential; patient interviews and comparison with pharmacy medication profiles are then used to confirm treatment information. Many studies have shown that more information is obtained when the medication history is collected by a pharmacist rather than another health care provider. 145 Furthermore, when clinical pharmacists were actively involved in or leading the medication evaluation of HIV-positive patients being admitted to hospital, medication errors were prevented, error rates were further reduced, and the duration of uncorrected errors was significantly shorter. 8, 149, 157, 158 Pharmacists can also be useful resources for residents and physicians, especially those with limited experience in HIV, who may be more prone to antiretroviral prescribing errors. 159, 160 Pharmacists can provide advice regarding dosage adjustments to address drug interactions or organ insufficiencies, can suggest alternatives if current therapies or formulations are unsuitable or contraindicated, and can ensure that complete regimens are prescribed, including comedications, problems that a computerized physician order entry system is unlikely to be able to identify or help resolve.
Pharmacists should also consider becoming involved in the discharge process. Unintentional medication discrepancies frequently occur at hospital discharge and have the potential to cause patient discomfort and/or clinical deterioration. 146, 161 Receiving incorrect prescriptions at the time of discharge may lead to patients taking inadequate antiretroviral regimens until follow-up, which places them at risk for drug resistance. If prophylactic medications are omitted from discharge prescriptions, immunocompromised patients may be left vulnerable to opportunistic infections. When possible, pharmacists should review the discharge medication list for accuracy and completeness, to ensure that it accounts for all of the patient's admission medications, any changes made during the hospital stay, and any new medications that are to be continued after discharge. This comprehensive list should then be reviewed with the patient to ensure understanding. 162 This process may allow patients to help in minimizing medication errors, by recognizing when they have been given incorrectly or incompletely prescribed antiretrovirals or other drugs. Sharing discharge medication information with the patient's other caregivers, including the family doctor, the HIV physician, and/or community and clinic pharmacists, will also minimize confusion and facilitate provision of seamless care.
Seamless Care
Seamless care is the desirable continuity of care delivered to a patient in the health care system across the spectrum of caregivers and their environments. 163 Traditionally, seamless care initiatives have focused on the patient's transfer from acute care back to the community. 164 Similarly in HIV practice, documentation of medical changes generally tends to flow from HIV and other specialists to the patient's family physician. However, valuable patient information regarding past medication use, adherence, and use of nonprescription medications can be provided by community practitioners to specialty practitioners. Providers working in rehabilitation or continuing care facilities, home care services, and other environments should also ideally be integrated into a seamless care network. 164 Without a seamless care process, incomplete communication regarding adjustment of combination antiretroviral therapy or initiation and discontinuation of medications may lead to unrecognized and undermanaged drug interactions or adverse effects. For example, a patient may have a prescription for a corticosteroid inhaler from his GP and may subsequently experience Cushing syndrome secondary to a drug interaction with HIV protease inhibitors. 165 A GP unfamiliar with this drug interaction might treat the patient's condition inappropriately, potentially leading to further complications, poor outcomes, and increased cost to the health care system.
There is also a need for efficient communication and case coordination to avoid unnecessary duplication of services and to minimize discrepancies in drug therapies and care plans. 166 Patients, their family or other caregivers, and their physicians should be encouraged to consult with the HIV pharmacist if any treatment changes are being considered. By being involved in the many aspects of medication assessment and review, pharmacists may help to mitigate error rates and reduce harm through medication reconciliation and seamless care programs, thus helping patients to achieve the optimal benefits of combination antiretroviral therapy.
Scholarly and Professional Activities
Drug Information
Information about HIV changes rapidly, making it a challenge for both patients and health care providers to stay current. In terms of patient education, pharmacists need to tailor information to the degree of understanding and education of the individual patient. Some patients may have no knowledge whatsoever about HIV, whereas others may have a good understanding about their prescription and nonprescription medications and may access treatment information from sources such as the internet and HIV/AIDS associations. In this situation, the health care practitioner is often in a position to learn from the patient rather than providing education. This role reversal may initially be difficult for some health care providers. However, the pharmacist is encouraged to engage in interactive dialogue with the patient while ensuring that the resources the patient has consulted are reliable, accurate, and current. For internet websites, users should consider whether the authors' credentials are clearly stated and whether the website is affiliated with a recognized academic or health care institution. Users might also ask whether sources of funding for the website are clearly stated, whether the information is well referenced, and when the website was last updated. Internet blogs, chat rooms, and social networking groups are open forums for discussion, but they may or may not be moderated. It can also be difficult to verify the credibility of the participants, and the information or experiences shared may be biased by participants' background or experiences.
The vast amount of information about HIV treatment that is currently available can be intimidating, even for health care practitioners practising specifically in this area. An extensive array of drug information resources is available for pharmacists to consult, and it is important to recognize the advantages and limitations of these various references. For instance, textbooks are often written by recognized authorities in the field, and the information is usually well referenced, but it may be outdated. Randomized controlled studies published in reputable scientific journals have undergone a stringent peer-review process before publication, so they tend to be reliable and may be more up to date than textbooks. Nonetheless, sources of potential bias such as involvement of a drug manufacturer and authors' conflicts of interest should be clearly identified. The reader should carefully review details regarding the study population and methodology to determine how the results may be extrapolated and best applied in clinical practice. Abstracts and summary reports from scientific conferences often represent the most current, state-of-the-art information on HIV therapeutics and pharmacology, but these data sometimes reflect only short-term results, and complete details regarding the research design may not be provided.
Research
The treatment of HIV infection involves a steady cycle of development, testing, and approval of new drugs. 1 Therapy is complicated by incomplete knowledge of new antiretrovirals entering the market, since licensing trials often fall short of answering all questions about a drug's rational use in clinical practice. [167] [168] [169] [170] As such, unanswered clinical questions must be addressed after the medication has been approved for widespread use. [167] [168] [169] [170] As clinical front-line providers and appraisers of the literature, pharmacists can identify key gaps in the evidence-based literature, define important new research questions, and contribute to the generation of new drug-related knowledge in the field of HIV therapeutics.
Pharmacists should be aware that important research findings can result from many different types of research. The definition of what constitutes research is very broad and may include articles as simple as case reports or as complex as multicentre controlled trials. Many types of research can be conducted by pharmacists specializing in HIV, including but not limited to case reports of adverse drug reactions; studies of adherence patterns and methods of support, drug use patterns and prescribing practices, therapeutic drug monitoring, pharmacokinetics, pharmacogenomics, drug interactions, health economics, drug policy development, quality of life, and pharmacoepidemiology; health services research; and interventional trials on the management of HIV or HIV-related complications.
In view of the close professional collaborative relationships that already exist among pharmacists, physicians, and other members of the health practitioner team, it may be beneficial to extend these collaborative relationships to the research process. Additionally, to aid pharmacists who are less experienced or uncomfortable with the idea of performing research, a circle of research mentors who could review and advise the research process from a methodologic perspective should be established. Pharmacists who are interested in developing a more substantial research portfolio may wish to seek out additional research training opportunities in the areas of pharmacoepidemiology, pharmacology, or pharmacoeconomics.
In summary, there are many opportunities for pharmacists to get involved in research. While the demands of clinical practice may leave many pharmacists feeling too busy or intimidated to get involved in research, many different types of research can be valuable, adding to existing knowledge about drugs, improving health outcomes for individuals living with HIV infection, and ultimately advancing the role of clinical pharmacists. 171 
Professional Networking and Collaboration
Centres specializing in HIV care are often concentrated in large, urban settings, and because of overall disease characteristics and population demographics, the number of pharmacists working in HIV-related care is relatively small compared with the number practising in other common specialties, such as cardiovascular care, nephrology, or diabetes. As such, HIV pharmacists may be practising in relative geographic isolation from their colleagues. Establishing professional networks allows pharmacists in small or isolated practices to exchange "clinical pearls" and practice insights with colleagues, to share new information, to develop common educational projects and tools, and to pool resources and data to conduct research that otherwise might not be achievable on a smaller scale.
In Canada, the Canadian HIV/AIDS Pharmacists Network/Association canadienne des pharmaciens en VIH/SIDA (CHAP) (www.hivclinic.ca/chap) was formed in January 1997, with the mission of bringing together pharmacists with a clinical and research focus in HIV/AIDS in order to optimize patient outcomes and promote the profession of pharmacy through communication, education, research, and clinical practice. 172 CHAP members meet annually, communicate regularly by e-mail, and collaborate on a variety of projects and publications. CHAP has now expanded to include HIV pharmacy practitioners from the United States, the United Kingdom, South Africa, and Australia, and an international network of HIV pharmacists is currently being explored.
Certification and Credentialling Programs
The number of specialized HIV pharmacists who possess the clinical acumen and broad drug expertise to significantly contribute to patient care, education, professional development, and research has grown in recent years. In the United States, the American Academy of HIV Medicine has been certifying HIV care providers with HIV Specialist (AAHIVS) or HIV Expert (AAHIVE) designations since 2002. In addition, the Academy recently launched its new HIV Pharmacist (AAHIVP) certification program. 173 Similar to the other certifications offered by this organization, the AAHIVP program is a 2-year, renewable credential for pharmacists who meet strict experience and continuing education requirements and who pass a comprehensive examination on all aspects of HIV-related pharmaceutical care. The goals of the AAHIVP program include providing a meaningful and defensible professional development opportunity and establishing a minimum standard of knowledge in HIV pharmacy. The program is open to international providers, including Canadian pharmacists.
CONCLUSIONS
Pharmacists caring for HIV/AIDS patients in the hospital or in the community and other ambulatory settings have an integral role in patient care and can have a significant, positive impact on patient outcome. Given the expanding scope of HIV disease management, pharmacists need to be knowledgeable about all aspects of pharmacology and patient care related to treatment of HIV, as well as other infections; non-infectious, lifestyle, and/or ageing-related comorbidities; and other conditions. As new information becomes available and as patients age, pharmacists' role in the care of these patients must also continue to evolve.
